The intermetallic compounds M 5 T 2 Cd (M = Ca, Yb, Eu; T = Cu, Ag, Au) and Yb 5 Cu 2 Zn were synthesized by melting the elements in sealed tantalum tubes followed by annealing at 923 K. All phases were characterized on the basis of powder and single-crystal X-ray diffraction data: Mo 5 B 2 Si type, I4/mcm, Z = 4, a = 828.7(1), c = 1528.1 (3) 
Introduction
The tetragonal body-centered Mo 5 B 2 Si structure [1] is a ternary ordered version of the Cr 5 B 3 type [2] . The silicon and boron atoms show full ordering on the two crystallographically independent 4a and 8h boron sites of Cr 5 B 3 , silicon in trigonal-prismatic and boron in square-antiprismatic coordination. Mo 5 B 2 Si has first been reported by Nowotny et al. [3] , and this compound attracted attention for high-temperature applications and its high oxidation resistance even at elevated temperatures. Superconductivity at 5.4 K was already reported in 1986 [4] and recently confirmed [5] .
Besides the prototype itself, a large variety of antimonides and bismutides RE 5 T 2 X (RE = rare earth element, T = Ni, Pd, Pt, Au; X = Sb, Bi) have been synthesized [6 -11] and structurally characterized on the basis of powder and single-crystal X-ray diffraction. Electronic structure calculation on Y 5 Ni 2 Sb [7] showed strong Y-Ni, Y-Sb, and Y-Y interactions which stabilize this rare earth-rich compound. Magnetic susceptibility data have so far only been reported for Er 5 In recent years we have shown that the indium atoms in diverse indides can partly or even completely be substituted by magnesium or cadmium [13, 14, and refs. therein] . This is a very promising observation, since the variation of the valence electron concentration has drastic influences on the magnetic behavior. To give an example, in the solid solution Gd 2 Cu 2 Mg 1−x In x the Curie temperature decreases from 113.5 K for x = 0 to 85 K for x = 1 [15] . During our systematic phase analytical studies of the ternary systems RE-T -Mg and RE-T -Cd we have now obtained the first cadmium compounds with Mo 5 B 2 Si-type structure. So far, only binary Sr 5 Cd 3 with Cr 5 B 3 type was known [16] . Herein we report on the synthesis and structural characterization of M 5 T 2 Cd (M = Ca, Yb, Eu; T = Cu, Ag, Au). Moreover we can show with Yb 5 Cu 2 Zn that a replacement of the 4a position is also possible with zinc. When completing our experimental work we became aware of an independent investigation on Ca 5 Cu 2 Cd [17] .
Experimental Section

Synthesis
Starting materials for the synthesis of the M 5 T 2 Cd samples and of Yb 5 Cu 2 Zn were ingots of the rare earth elements and calcium (Johnson Matthey or smart elements), copper wire (Johnson Matthey, ∅ 1 mm), silver wire (DegussaHüls, ∅ 1 mm), pieces of a gold bar (Heraeus), a cadmium rod (Johnson-Matthey), and zinc granules (Merck), all with stated purities better than 99.9 %. In all cases the elements were weighed in the ideal 5 : 2 : 1 atomic ratios and arcwelded [18] in small tantalum tubes under an argon pressure of ca. 800 mbar. The argon was purified before with molecular sieves, silica gel, and titanium sponge (900 K). The sealed ampoules were then heated up to ca. 1373 K in a watercooled sample chamber of an induction furnace (Hüttinger Elektronik, Freiburg, Typ TIG 1.5/300) [19] and kept at that temperature for approximately 5 min. Subsequently the temperature was lowered to 923 K within 5 min, and the samples were annealed at that temperature for another 3 h followed by quenching. The samples could easily be separated mechanically from the crucible material. We observed no reaction with the container material. The rare earth-rich samples are slightly moisture sensitive. M 5 T 2 Cd single crystals have metallic luster while the polycrystalline samples and powders are dark gray.
A slightly different annealing sequence was used for the crystal growth experiments. The 5 : 2 : 1 starting compositions were also sealed in tantalum tubes, and the latter were sealed in silica ampoules for oxidation protection. The ampoules were then placed in muffle furnaces, heated up to 1473 K within 4 h and kept at that temperature for an additional 4 h. Next the samples were cooled to 873 K at a rate of 6 K h −1 and finally annealed at that temperature for 8 d.
The furnaces were then switched off and the samples cooled to r. t. by radiative heat loss. Small single crystal fragments were obtained from these samples by mechanical fragmentation.
X-Ray diffraction
The polycrystalline M 5 T 2 Cd samples and Yb 5 Cu 2 Zn were characterized by powder X-ray diffraction: Guinier camera, CuK α1 radiation, α-quartz (a = 491.30, c = 540.46 pm) as internal standard, imaging plate unit (Fuji film, BAS-READER 1800). The tetragonal lattice parameters (Table 1) were refined by a least-squares routine. The experimental patterns were compared to calculated ones [20] in order to ensure correct indexing. Only Eu 5 Au 2 Cd and Yb 5 Cu 2 Zn were obtained in X-ray-pure form. All other samples showed small amounts (between 5 and 10 %) of yet unkown ternary by-products. Even when employing other annealing sequences it was not possible to reduce the amount of by-products completely.
Single Cd crystal was measured by use of a four-circle diffractometer (CAD4) with graphitemonochromatized MoK α radiation and a scintillation counter with pulse height discrimination. Scans were taken in the ω/2θ mode. Numerical absorption corrections were applied to all three data sets. All relevant crystallographic data are listed in Table 2 .
Magnetic susceptibility measurements
The magnetic measurements were carried out on a Quantum Design Physical Property Measurement System (PPMS) using the VSM option. For VSM measurements, the samples (34.730 mg for Eu 5 Au 2 Cd, 21.991 mg for Yb 5 Cu 2 Zn) were packed in kapton foil and attached to the sample holder rod for measuring the magnetic properties in the temperature range 2.5 -305 K with magnetic flux densities up to 80 kOe.
Structure refinements
Careful analyses of the three data sets showed bodycentered tetragonal lattices with high Laue symmetry, and the systematic extinctions were compatible with space group I4/mcm. This was in agreement with the powder X-ray diffraction data which showed isotypism with Mo 5 B 2 Si [1] . The starting atomic parameters were deduced from Direct 
Results and Discussion
Crystal chemistry
The intermetallic compounds M 5 T 2 Cd (M = Ca, Yb, Eu; T = Cu, Ag, Au) are the first cadmium-containing representatives with tetragonal Mo 5 B 2 Si-type structure. Among the many binary compounds with Cr 5 B 3 structure, Sr 5 Cd 3 [16] is the only one containing cadmium. As an example, we discuss the structure of Eu 5 Cu 2 Cd. A view of the structure approximately along the b axis is presented in Fig. 1 . The structure has three striking coordination motifs. The Eu1 atoms have a square prismatic Eu2 coordination at Eu1-Eu2 distances of 377 pm, slightly shorter than in the structure of bcc europium (397 pm Eu-Eu) [23] . The rectangular faces of these prisms are capped by four copper and two cadmium atoms (Fig. 2) . Each cadmium atoms has square antiprismatic Eu2 coordination (351 pm Eu2-Cd). As emphasized in Fig. 1 , these square antiprisms are condensed with the Eu1Eu2 8 square prisms in an ABAB stacking sequence along the c axis. The latter two coordination motifs are reminiscent of the binary structure types CuAl 2 and U 3 Si 2 and one can formally describe the Eu 5 Cu 2 Cd structure as a 1 : 1 intergrowth variant of distorted CuAl 2 -and U 3 Si 2 -related slabs (Fig. 1) . Such slabs are not known for binary europium-cadmium and europium-copper compounds, however, many RE 2 T 2 Cd phases with an ordered U 3 Si 2 structure have been reported [14, 24] .
An eight-fold coordination of cadmium has also been reported for EuCd [25] with CsCl-type structure with Eu-Cd distances of 343 pm, slightly shorter than in the CuAl 2 type slab with 351 pm. The copper atoms within the distorted U 3 Si 2 -type slab have trigonal prismatic europium coordination (321 -333 pm Cu-Eu). Two such trigonal prisms are always condensed via one rectangular face, building an AlB 2 -related substructure with 270 pm Cu-Cu distance.
So far Mo 5 B 2 Si-type compounds with cadmium have only been observed with the alkaline earth or divalent rare earth metals (vide infra). It is difficult to judge whether this is an electronic or a geometric effect. In contrast to the cadmium compounds discussed herein, the antimonides and bismutides RE 5 T 2 X (RE = rare earth element, T = Ni, Pd, Pt, Au; X = Sb, Bi) [6 -11] have only been obtained for the smaller trivalent rare earth elements. For one particular compound, Yb 5 Cu 2 Zn, we tested the cadmium-zinc substitution. Thus a whole family of ternary zinc compounds with the Mo 5 B 2 Si type is likely to exist. Considering the only binary mercury compound Ca 5 Hg 3 [16] , one might also think of ternary ones where the 8h mercury site is substituted by an electron-poorer transition metal.
Single-crystal structure refinements showed the two different solid solutions to be Ca 5 Cu 2−x Cd 1+x (x = 0.11) [17] and Yb 5 Au 2+x Cd 1−x , respectively. The latter one is easily comprehensible since the binary Yb 5 Au 3 [26] with similar structural arrangement also exists, and the course of the lattice parameters ( Table shows that a reduction of the VEC slightly reduces the total binding energy and mainly lowers the Ca-Ca overlap population (assuming a rigid band model).
Magnetic properties of Eu 5 Au 2 Cd and Yb 5 Cu 2 Zn
The temperature dependence of the magnetic susceptibility of Yb 5 Cu 2 Zn is presented in Fig. 3 . The absolute susceptibility values are small and increase with decreasing temperature due to traces of paramagnetic impurities. The r. t. value of 7.2 × 10 −6 emu mol −1 indicates Pauli paramagnetism. This is in agreement with purely divalent ytterbium, similar to YbAgCd [27] . Fig. 4 shows the magnetic susceptibility and inverse susceptibility (χ(T ) and χ −1 (T ) data) of Eu 5 Au 2 Cd measured at an externally applied field of 10 kOe. Above 150 K the data could be fitted with a CurieWeiss law, leading to an experimental magnetic moment of 8.14(1) µ B per Eu atom, close to the free ion value of 7.94 µ B for Eu 2+ . The paramagnetic Curie temperature of θ P = 56(1) K is indicative of ferromagnetic interactions in the paramagnetic range. Around 70 K the χ −1 vs. T plot shows a broad bump which results from a small ferromagnetic EuO [28, 29] impurity. Antiferromagnetic ordering of the europium magnetic moments occurs at T N = 36.0(5) K. The magnetization isotherms at 25, 50, and 100 K are presented in Fig. 5 . At 100 K, well above the magnetic ordering temperature, we observe an almost linear increase of the magnetization with increasing field as expected for a paramagnetic material. The isotherm at 50 K shows a small curvature, most likely resulting from the minor impurity phase. At 25 K, below the Néel temperature, we observe a metamagnetic step at 13 kOe, clearly underlining the antiferromagnetic ground state. At 25 K and 80 kOe the magnetization is 4.82(2) µ B per Eu atom, significantly smaller than the maximum value of 7 µ B .
